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Abstract 
A theoretical analysis of thermal processing of still cans filled with solid foods in liquid was performed through 
Computational Fluid Dynamics simulations. Solid food items of different shapes (asparagus, table olives and peach 
halves) were used in the simulations. The effect of process variables on the temperature profile, the flow pattern and 
the location of the slowest heating zone and slowest cooling zone in the can was investigated. Fluid flows as well as 
heat transfer rates were influenced by the shape and the type of the solid foods. 
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1.Introduction 
Thermal processing is a widespread preservation method in the food industry. Proper application of 
heat can give microbiologically safe products; however quality characteristics can be also destroyed by 
heating. Thus, the time and temperature during the heating and the cooling cycle of a thermal process 
must be properly assessed. Differences in heat transfer within pure liquid or solid foods, as well as 
differences in heat transfer rates arising from the heating (sterilization) system, result in different required 
time - temperature combinations for each case. 
A number of fruits and vegetables are packaged in cans, filled with the appropriate liquid (e.g., brine or 
syrup) and thermally processed in still retorts. Modeling of the natural convection heating of the filling 
liquid and the subsequent heating of the solid particles is essential for proper process design. Modeling 
and simulation of unit operations or even complete food plants has been intensified in recent years in 
order to allow: a) optimization related to heat transfer in food processing systems in terms of energy 
efficiency, equipment design, product safety and quality retention and b) on-line control of heat transfer 
processes which help to handle process deviations, reduce the production cost and improve the product 
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quality and product safety. Parametric analysis by Computational Fluid Dynamics (CFD) can be used to 
improve thermal processing of canned foods. The mass, momentum and energy conservation equations 
are solved numerically as a system of algebraic equations applied in finite volumes. System geometry is 
formulated with a design program and information about the system is imported to CFD software. The 
results are presented with contour plots and vector diagrams. 
Thermal processing in cans has been extensively studied experimentally or theoretically by many 
researchers. Concerning CFD simulations, most studies referred to cans with pure liquid foods [1] while 
some others to liquid - solid food mixtures [2]. The literature on CFD simulation of sterilization processes 
for canned asparagus, olives and peaches in liquid is limited. The objective of this work was to apply CFD 
in studying the heating and cooling of a still can filled with food items immersed in brine. The effect of 
process variables on the temperature profile, the flow pattern and the location of the slowest heating zone 
(SHZ) and slowest cooling zone (SCZ) in the can was investigated. Solid food items of different shapes 
(asparagus, table olives and peach halves) were used in the simulations. 
2.Methodology 
Thermal processing of still canned asparaguses, table olives and peaches halves, in liquid, were 
simulated through a CFD model. The geometry of the system was formulated in Gambit® 2.3.16. 
Asparagus, olives and peaches shapes were designed to resemble, as close as possible, the real product 
geometry. Olives with the kernel having the same properties as the rest product were considered. The 
assigned geometry and the dimensions of the solid foods are given in Table 1. In all cases, metal cans of 
76 mm in diameter and 109 mm in height were used. The cans were filled with brine (4% NaCl) when 
asparagus and olives were used as the solid particles, or syrup (20% sugar) for the case of peaches. The 
shape and the position of the solid particles in the container is shown in Figure 1 for the three products 
examined. 
Table 1. Assumed geometry and dimensions of solid foods 
Solid Food Shape Dimensions Number of solid foods into the can 
Asparagus Truncated cone 1.5 cm diameter - 9.5 cm height 19 
Olives Prolate spheroid 3 cm diametera - 2.2 cm diameterb 24 
Peaches Semi-prolate spheroid 6 cm diametera - 1.5 cm diameterb 3 
 
   
Fig. 1. 3-D arrangement of the solid particles in the can 
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For the simulation of the fluid field, the partial differential equations of mass, momentum and energy 
conservation [3] must be solved. Since, for these equations, an analytical solution is not feasible, they are 
solved numerically. The software FLUENT 6.3.26, 2006© with 3-D, double precision, pressure – based, 
laminar flow, natural convection was used to numerically solve the system of the governing equations in 
cylindrical coordinates as a system of algebraic equations applied in finite volumes for the system under 
investigation. A Tet/Hybrid–TGrid uniform grid for all geometry with 10% of the ‘‘Shortest edge %’’ 
option of the software resulting in a total of 220000 to 260000 nodal points was employed. With the 
Rayleigh number being less than 108 during the heating and cooling cycle, unsteady-state laminar flow 
was considered. A time step equal to 0.1 s and the Courant number equal to 0.5 was used. 
The following initial and boundary conditions were assumed: 
  
At t = 0     Tw = Tp = Tl = 25°C     ur = uș =uz= 0    at 0r  R and –H  z  H  
 Asparaguses: 0< t < 10 min  Tw = 100°C t  10 min  Tw =   25°C 
 Olives: 0< t < 20 min  Tw = 100°C  t  20 min  Tw =   25°C 
 Peaches: 0< t < 25 min  Tw = 100°C t  25 min  Tw =   25°C 
 
ǹt t>0 (for all cases): 
 ur = uș =uz= 0      at r=R   and –H  z  H 
 ur = uș =uz= 0     at z=H   and   0  r  R 
 ur = uș =uz= 0     at z=-H  and   0  r  R 
where, t time, Tp product temperature at t, To initial temperature, Tw temperature of the wall of the can, 
Te temperature of the environment, Tl temperature of the liquid, u liquid velocity, uw liquid velocity at the 
wall of the container. 
Heating medium temperature of 100°C and cooling medium temperature of 25°C was used for all 
cases. The heating time for canned asparagus, olives and peaches were 10 min, 20 min and 25 min, 
respectively. Values of thermo – physical properties of the products such as density (U), viscosity (P), 
specific heat (Cp) and thermal conductivity (k) are necessary for the calculation. The properties of 4% 
NaCl brine, 20% sugar syrup, asparagus and peach were obtained from the literature, while the properties 
of the olives were determined experimentally (Table 2). 
Table 2. Physical and thermal properties of liquid and solid foods used in the simulations 
Food ȡ
* 
(kg/m3) 
μ* 
(Pa·s) 
Cp 
(J/kg·K) 
k 
(W/m·K) Reference 
Brine 
(4% NaCl) 
1033.4-2.052·10
-1
T 
-2.5·10
-3
T
2
 
1.27·10
-3
-1.61·10
-5
T 
+6.37·10
-8
T
2
 
3985 0.65 [4], [5] 
Syrup 
(20% sugar) 
1084.5-1.128·10
-1
T 
-3.8·10
-3
T
2
 
2.69·10
-3
-4.61·10
-5
T 
+2.48·10
-7
T
2
 
3820 0.68 [6] 
Asparagus 960 - 4084 0.693 [7], [8] 
Olive 1035 - 3200 0.395 Experimentally Determined 
Peach 1022 - 3992 0.575 [9] 
* T in equations for U and P is in °C 
3.Results and Discussion 
The model was validated by comparing experimental temperature measurements in specific points 
inside the can and model predictions for the three different cases. During the heating phase, the liquid in 
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the can was moving upwards to the top of the can due to buoyancy in a thin layer in the near-metal wall 
region of the can and then it was moving downwards through the space between the food items. During 
the cooling phase, the movement was to the opposite direction. Thus, the fluid was moving downwards 
near the can wall to the bottom of the can and then upwards through the asparaguses, olives or peaches. 
Vortices were observed in the near-metal wall region of the can in the heating, as well as in the cooling 
phase. The maximum value of liquid velocity was observed near the wall of the can (due to the maximum 
temperature difference between the wall of the can and the liquid thin layer close to this wall). It ranged 
between 4 and 5 cm/s. Fluid velocity was lower in the space between the pieces of the solid foods. Higher 
fluid velocity values were observed in the case of olives, followed by asparaguses and finally by peaches. 
Pictures showing the temperature profile at vertical planes were extracted from the CFD software and 
are illustrated here in the form of isotherms on Figures 2 to 4. Through these pictures, the slowest heating 
(SHZ) and the slowest cooling zone (SCZ) during the process were identified. The SHZ is the area where 
the temperature is lower than in the other regions of the system during the heating phase. In reverse, the 
SCZ is the zone with the highest temperature during the cooling phase. At the beginning of heating, the 
slowest heating zone lay at a point close to the geometric center but it moves fast towards the bottom of 
the can. 
The slowest cooling zone during the cooling phase of the can is located close to the top of the can. For 
the case of asparaguses in brine, the SHZ zone was moved between the geometric center and the bottom 
of the central asparagus about 1.5 cm from the bottom of the can (Figure 2). In the case of olives, the SHZ 
was located in the geometric center of the olive positioned in the center at the bottom of the container 
(Figure 3). The SHZ during the heating period of the can with the peach halves was located in the thickest 
part of the intermediate peach half, off center due to the asymmetrical shape of the piece (Figure 4). These 
results are in agreement with literature [1, 10], where the SHZ for a can filled with water was found to be 
in a location that is about 12-15% of the can height from the bottom. Also Ghani and Farid [11] found that 
the SHZ in a can filled with pineapple slices was in a region at the bottom of the can about 30-35% of the 
can height. 
 
 
15 s Heating phase 
 
180 s Heating phase 
 
360 s Heating phase 
 
15 s Cooling phase 
 
180 s Cooling phase 
 
360 s Cooling phase 
Fig. 2. Temperature (°C) profile in a can with 19 asparaguses at different times during the heating – cooling cycle 
1220  Adreas Dimou et al. / Procedia Food Science 1 (2011) 1216 – 1222
 
15 s Heating phase 180 s Heating phase 
 
480 s Heating phase 
 
15 s Cooling phase 180 s Cooling phase 
 
480 s Cooling phase 
Fig. 3. Temperature (°C) profile in a can with 24 olives at different times during the heating – cooling cycle 
 
 
15 s Heating phase 180 s Heating phase 1200 s Heating phase 
15 s Cooling phase 180 s Cooling phase 480 s Cooling phase 
Fig. 4. Temperature (°C) profile in a can with 3 peach pieces at different times during the heating – cooling cycle 
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During the cooling period, the slowest cooling zone for the three cases studied was located between the 
geometric center and the top of the can. Thus, for the asparaguses the SCZ was located in the main axis 
about 1.5 cm from the top of the can (Figure 2). Similarly, for the case of canned olives, the SCZ was 
located in the center of the olive near the top of the container, as shown in Figure 3. Finally, as shown on 
Figure 4, for the case of peach halves, the SCZ was located in the piece which was near the top of the can 
not in the main axis, but in the thickest point of the peach half due to the asymmetrical shape of the peach 
half. 
The temperature vs. time at the slowest heating zone for the three products studied is presented on 
Figure 5. As shown in this Figure, heating is much faster for asparaguses, followed by olives and peach 
halves. The shape and the properties of the solid particles under investigation, the arrangement of the solid 
particles in the can and the properties of the filling liquid affect the liquid velocity and the temperature 
inside the solid particles. 
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Fig. 5. Temperature vs time at the SHZ for the different cases during the heating – cooling cycle 
4.Conclusion 
CFD analysis has helped to envision the flow field and the temperature profile inside the can. The SHZ 
during the heating phase for the case of asparaguses and olives lay at a point about 10-15% of the can 
height from the bottom of the can on the central axis of the item which is located in the centreline of the 
can, while SCZ during the cooling phase was located on the central axis of the can about 10-15% from 
the top of the can. For the case of peach halves, the SHZ was located in the thickest part of the 
intermediate peach half and the SCZ was located in the thickest part of the peach half at the top. In 
general the flow and temperature fields were influenced by the shape and the type of the solid particles, 
their arrangement in the can, as well as from the filling liquid properties. Knowing the temperature 
history of the product, optimization of thermal processing in order to minimize quality losses, such as 
texture, flavor and nutritional value, while keeping the product safe, is possible. 
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